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1. Preface 

The first version of this report, under the same title, was 
completely written in 1979, but never published. It 
represents work completed when I was a postdoctoral 
associate working with Dr. Thomas Eisner and his 
associates at Cornell University's Langmuir Laboratory of 
Neurobiology and Behavior, as part of an effort to 
characterize the defensive chemicals acquired by the 
Large Milkweed Bug, Oncopeltus fasciatus from its 
milkweed (Asclepias) diet. The present report was in part 
motivated by a recent report of similar studies (Skow and 
Jacob 2006), which is indicative of a growing interest in 
the relevance of deterrent and toxic chemicals to salticid 
predation upon insects. 

One of the advantages of the electronic format is the 
ability to include many illustrations, and larger pictures, 
at little cost. All illustrations presented here are new. 

2. Summary 

In the laboratory, Phidippus jumping spiders often 
attacked, but seldom fed upon nymphs and adult 
milkweed bugs (Oncopeltus fasciatus) when these were 
reared on milkweed (Asclepias) seeds. Spiders readily 
attacked and fed upon Oncopeltus reared on sunflower 
(Helianthus) seeds. Phidippus were shown to reject flies 
treated with either hemolymph, or with fluid from the 
lateral thoracic compartment, of Oncopeltus. They also 
rejected flies treated with (3-Ecdysone, but accepted flies 
treated with lethal doses of the cardenolides g- 
Strophanthin (Ouabain) and Digitoxin. 

Single encounters with Oncopeltus significantly reduced 
the probability of attack in a subsequent encounter for 
less than two hours. Repeated encounters with 
Oncopeltus led to greater avoidance than did a single 
encounter. In the absence of repeated experience with 
these bugs, however, Phidippus recovered their tendency 
to attack over a period of several days. More satiated 
spiders were more discriminating in their choice of prey. 
Negative experience with Oncopeltus did not necessarily 
impact their predation on other insects, including flies 
(Diptera). 



Impact of measurement techniques on results in prey 
avoidance and acceptance studies are discussed. A 
preliminary model for selective avoidance and attraction 
to potential prey, the defenses of Oncopeltus fasciatus, 
and salticid contact chemoreception in general, are also 
reviewed. 

3. Introduction 

Like most spiders, salticids of the genus Phidippus will 
attack and feed upon a wide variety of terrestrial 
arthropods (Edwards 1980, Edwards and Jackson 1994). 
Movement by potential prey elicits a turn by the salticid 
to face that prey, bringing the high resolution of the its 
anterior medial eyes (AME) into play (Land 1971, Duelli 
1978, Hill 2006). Facing behavior is readily elicited, but 
subsequent pursuit (rapid approach, stalking, and jumping 
attack) is contingent upon visible features of the potential 
prey. Once a pursuit sequence is initiated, it is usually 
completed, unless the prey escapes (Gardner 1964). 

A jumping spider may encounter and turn to face many 
potential prey in the course of a single hour. The 
response of the spider may be indifference, sustained 
facing (presumed study or examination), pursuit, or 
escape. Clearly a broad range of relevant experience is 
available to the spider as it encounters many different 
animals. 

Salticids of the genus Phidippus are known to be deterred 
by immediate contact with many of the defensive 
chemicals employed by insects, including Z- 
dihydromatricaria acid from Chauliognathus soldier 
beetles (Meinwald, Meinwald, Chalmers, and Eisner 
1968, Eisner, Hill, Goetz, Jain, Alsop, Camazine, and 
Meinwald 1981), and steroids (lucibufagins) from 
Photuris and Photinus fireflies (Eisner, Goetz, Hill, 
Smedley, and Meinwald 1997). Phidippus also dropped 
the lucibufagin-bearing diurnal firefly Lucidota atra upon 
contact, without harming the insect (Gronquist, 
Schroeder, Ghiradella, Hill, McCoy, Meinwald, and 
Eisner 2006). 
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Phidippus are also known to avoid or to reject (after 
capture) the Large Milkweed Bug (Oncopeltus fasciatus, 
Jackson 1977, Givens 1978). During the course of the 
present work, and also as reported recently by Skow and 
Jakob (2006), Phidippus could be fed on Oncopeltus that 
have been reared exclusively on sunflower (Helianthus) 
seeds, with no apparent harm to the spiders. This 
suggested that unknown chemicals sequestered by 
Oncopeltus from its normal diet of milkweed (Asclepias) 
seeds produced the observed deterrent effect. 

A number of different insects that feed upon milkweed 
(Asclepias) are known to sequester plant steroids that 
contribute to their defense against vertebrate predators. 
The relationship between the monarch butterfly (Danaus 
plexippus) and Asclepias has received much attention in 
the past (e.g., Brower, Ryerson, Coppinger, and Glazier 
1968, and Rothschild, van Euw, Reichstein, Smith, and 
Pierre 1975). Sequestration of steroids from Asclepias by 
Oncopeltus has also been well-studied (Duffey and 
Scudder 1972, 1974, Scudder and Duffey 1972, Isman 
1977, Isman, Duffey, and Scudder 1977, and Vaughan 
1979). Since Phidippus has a strong contact reaction to 
lucibufagins associated with lampyrid beetles (Photinus, 
Photuris, and Lucidota), it could be expected that they 
would also react to cardenolides. 

I have also observed large populations of the chrysomelid 
beetle Trirhabda canadensis in close association with 
both P. clarus and P. princeps in old field habitats, in 
both Minnesota and New York. The spiders frequently 
encountered these insects, but I never observed pursuit or 
feeding on them. Although inherited or innate 
recognition of aposematic features of these animals was a 
possible factor, the fact that Phidippus encounter a great 
variety of insect species in populations of varying density 
according to locality suggests that learned (modifiable or 
adaptable) avoidance would be advantageous. The 
objective of the present study was to further isolate the 
factors associated with rejection of Oncopeltus by 
Phidippus, and also to evaluate the effect of experience 
with unpalatable Oncopeltus on the tendency of 
Phidippus to attack them. 

Since the time that the studies presented in this paper 
were completed, the extent to which experience can 
modify the subsequent predatory behavior of Phidippus 
has been studied by Edwards and Jackson (1994), 
Carducci and Jakob (2000), and Skow and Jakob (2006). 
Edwards and Jackson reported that almost all Phidippus 
regius spiderlings that attacked ants in their trials avoided 
them on subsequent encounters for up to four days. 
Carducci and Jakob found differences in behavior 
between laboratory-reared and field-caught P. audax, and 
noted that several different explanations, including 
selective pressure in the field, or variable experience, 
could explain these results. The studies of Skow and 
Jacob were similar to those presented here, and will be 
addressed in the discussion section. 



4. Materials and methods 

Studies of the degree of acceptance of prey by Phidippus 
were primarily conducted as staged encounters, in which 
the reaction of each spider was observed after prey was 
added to a clean plastic Petri dish (90 x 15 -20mm) 
containing that spider in an arena designed to provide 
good lighting for these visual predators (Figure 1). Given 
our current understanding of the role of UV reception in 
these salticids (DeVoe 1975, Blest, Hardie, Mclntyre, and 
Williams 1981, and Lim and Li 2006), future studies 
related to visual avoidance of prey by salticids should 
definitely consider impact of the relevant UV spectrum on 
the behavior of these animals. The present study used 
primarily incandescent lighting in the laboratory. 

Control and experimental encounters were conducted in a 
uniform manner here, but the important recent finding 
that behavioral thresholds related to predation may 
change when these spiders are moved or change location 
(context, per Skow and Jakob 2006) suggests that much 
more attention to the visual and physical surroundings of 
these spiders is warranted during behavioral trials. 
Except for periods of continuous experience with insects 
as described here, each spider was placed into a clean 
Petri dish with no accumulation of silk or debris prior to 
introduction of prey into the arena. The new context may 
have reduced or otherwise altered the attack threshold of 
these spiders, but at least both control and experimental 
groups received the same treatment. 




Figure 1. Arena for testing encounters between Phidippus and other 
insects. Each encounter began when the spider turned to face prey that 
was placed into a clean 90 x 15-20 mm high plastic Petri dish containing 
the spider. A: Side view of the arena, showing placement of the Petri 
dish within a30x30x6cm white cardboard box centered 30 cm under 
a 40 w incandescent reflector lamp. B: Observer's top-down view of 
adult Oncopeltus fasciatus and Phidippus princeps within a Petri dish. 
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Phidippus audax and P. princeps (Figure 2) were field- 
captured in the vicinity of Ithaca, New York. Hatchling 
P. texanus were reared from a brood sac found in Lea 
County, New Mexico, by David B. Richman. All males 
from this brood were fairly uniform in appearance and 
followed the description typical for either P. texanus or P. 
ardens (Edwards 2004). Half of the females had the 
typical P. ardens coloration, and half had the typical P. 
texanus coloration (Figure 3). Per Edwards (2004, page 
92), these two species, along with P. purpuratus, might 
constitute one widespread variable species. No attempt 
was made to separate the two color forms in trials, which 
primarily involved immature animals for this species. 



? Phidippus audax 
Tompkins County 
New York 1978 





? Phidippus princeps 
Tompkins County, 
New York 1978 




Figure 2. Adult female Phidippus audax (top) and adult female P. princeps (bottom) captured in an old field habitat in the vicinity of Ithaca, New York. 
Many local varieties of P. audax do not have the broad band of telsomal (opisthosomal) scales shown here. P. audax is more of a generalist, and it is 
widespread through much of eastern North America. I have found P. audax as far west as the Blue Mountains and Steens Mountains in eastern Oregon, but 
not west of the Cascades. It can be found in old fields, but I have found it near water, woodland margins, on trees, on fence posts, and even nesting on the 
ground, under rocks. Female P. princeps are tan in color, often with abundant white or cream-colored facial scales as shown here. They build their nests 
and hunt on herbaceous plants in old field habitats. They are common in eastern North America, from Minnesota southeast to South Carolina. Further to 
the southeast, they are replaced by the related P. pulcherrimus, also an inhabitant of old fields (Edwards 2004). Note the distinctive hair tufts on the 
carapace, characteristic of Phidippus jumping spiders. 
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? Phidippus "ardens" 
Lea County, 

New Mexico, August, 1978 
21miwofJal, SR128 
reared from brood sac 
found on mesquite 



Figure 3. Female Phidippus spiders (sisters) reared from the same brood sac found in Lea County, New Mexico, in August of 1978. Half of the females in 
this brood had the texanus form with cream to white scales on a black background (top), and the other half had the ardens form (bottom) with rust-red scales 
over much of the dorsal telsoma (opisthosoma). Edwards (2004) placed P. ardens and P. texanus in the borealis clade of the purpuratus group within 
Phidippus, but kept the species separate in part because of their parapatric ranges. However, he did report both species from Lea County, New Mexico where 
this brood sac was found, and both live on mesquite. These are very large Phidippus, averaging 13-15 mm in body length. 
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Spiders were reared in 90 x 15-20 mm plastic Petri dishes 
at laboratory temperature (about 23 C), under laboratory 
lighting conditions which included ambient fluorescent 
and window light supplemented by a 40 W incandescent 
lamp at a distance of about 0.4-0.5 m from the spiders. 
Spiders were reared under an approximate 14:10 
light: dark cycle with testing near the middle of the light 
period. They were provided with water droplets and fed 
with either house flies (Musca domestica) or vestigial- 
wing fruit flies {Drosophila melanogaster). 

All Oncopeltus fasciatus were reared from cultures 
provided by Dr. William S. Bowers of the Geneva 
Research Station in New York. Most Oncopeltus used in 
avoidance testing were reared solely on a diet of locally- 
collected (vicinity of Ithaca, New York) Common 
Milkweed seeds (Asclepiadaceae, Asclepias syriaca). 
Other Oncopeltus were reared solely on a diet of 
commercial sunflower (Asteraceae, Helianthus annum) 
seed, through at least four generations prior to use in these 
experiments. Helianthus-YGarGd animals tended to have 
lower fecundity and growth rates. All Oncopeltus 
colonies were also provided with water in a Petri dish 
filled with wet cotton. 

Another lygaeid bug, Ortholomus scolopax (used to assess 
the generality of learned avoidance) was collected locally 
in association with Common Cinquefoil (Potentilla 
simplex) seeds. 

Spiders were deprived of physical contact with any 
insects for variable periods of time, ranging from 1-10 
days prior to the onset of an experiment. Where 
applicable, numbered spiders were randomly assigned to 
control and experimental groups, and testing alternated 
between groups to vary the exact time of testing and to 
thereby control for the potential effect of circadian 
rhythms on spider behavior. When separate encounters 
were separated by a discrete interval, testing of 
individuals was staggered and completed according to a 
pre-planned schedule for efficiency. 

For live studies, the individual test was usually a staged 
encounter between a spider and a living insect. Each 
encounter began, by definition, when the spider turned to 
face an insect which had been placed, with minimal 
disturbance, into its container (Figure 1). The response of 
the spider was either to jump upon (attack) the insect, 
after an approach, or to turn away from the insect (no 
attack). If a spider initially approached the insect, but did 
not execute a jump or otherwise contact the prey before 
turning away, then the result was scored as no attack. 

For live studies, the fraction of the spiders of each group 
(control and experimental) that attacked was compared. 
The chi 2 test was used to assess the significance of all 
group to group comparisons. As with insects 
(Schoonhaven 1977), considerable variation of individual 
preference and responsivity may exist, but this 
individuality was not considered in analysis of the pooled 
data. 



Testing of spider responses to specific chemicals or fluids 
followed methods described previously (Eisner, Hill, 
Goetz, Jain, Alsop, Camazine, and Meinwald 1981). 
Vestigial-wing Drosophila melanogaster were killed by 
freezing and then treated with respective solutions prior to 
presentation to spiders at the end of a hair, threaded 
through the legs of the respective fly. For these trials only 
attacks (which took place virtually all of the time) were 
scored according to a number of different behavioral 
categories related to acceptance. These unambiguous 
behaviors are described with the related results. 

The solvents used to treat both control and experimental 
flies were the same. Fluid was obtained from the lateral 
thoracic compartment of adult Oncopeltus fasciatus 
following the methods of Duffey and Scudder (1974) by 
gently squeezing the anterior of each bug between thumb 
and forefinger until small droplets appeared at the 
postero-dorsal margin of the metathoracic pleurites. This 
fluid was collected from several bugs with a 20 ul glass 
capillary tube until about 1-2 microliters of fluid was 
obtained. This fluid was then blown out onto a surface as 
a droplet use to dip the fly. Hemolymph of Oncopeltus 
was obtained by severing the legs of one side and 
squeezing the bug gently. Care was taken to avoid mixing 
this fluid with other exuded fluids, including the 
dorsolateral thoracic space fluid. This fluid was also 
collected in a 20 ul glass capillary tube, until about 2-4 
microliters of fluid was obtained and blown out as a 
droplet for dipping the fly. All fluids were collected and 
flies were treated immediately before testing with spiders. 
Flies were dipped in water as controls for these 
treatments. 

To further study the ability of these spiders to detect 
steroids, each fly was dipped in a methanol solution of 
either Ouabain, Digitoxin, (3-Ecdysone, or simply the 
methanol solvent (control) and briefly dried until a 
crystalline residue of the respective solute coated the 
integument. These flies were also prepared immediately 
before use. Ouabain (g-Strophanthin, Sigma Scientific) 
was prepared as a 0.1 M solution in methanol (72.86 g 
C 29 H 44 12 -8H 2 per liter). By weighing flies before and 
after dipping and drying, it was estimated that treatment 
with this solution added about 50ug of solid, crystalline 
Ouabain to the exterior of each fly. A 0.05 M solution of 
Digitoxin in methanol was obtained locally (2.3 mg 
C 41 H 64 13 in 60ul methanol solution and suspension, 
molecular weight 764.96). Commercially available (3- 
Ecdysone extracted from a fern (Polypodium vulgare, 
rhizomes of which may bear a 1% concentration), also 
obtained locally, was used in a 0.1 M solution in methanol 
(2 mg per 43 ul of solution, molecular weight -466). The 
structure of these compounds is compared in Figure 4. 
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g-Strophanthin, Ouabain 

HO 




4 6 



numbering convention for 
aglycone (steroid) carbon 
positions 




* cardenolide class: 
unsaturated butyrolactone ring 



related Digoxin has OH S N 
group at position 12 \ / — ^ 



HO OH 



3 D-digitoxose sugars (glycone portion) Digitoxin CH 




formed from a-Ecdysone 
by addition of OH group 
at position 20 



20 OH 

P-Ecdysone 




OH 



lucibufagin (LBG) 



Figure 4. Comparative structure of steroid compounds mentioned in the text. Numbering for steroid (aglycone) positions is shown at upper left. The 
glycone portion (for example, the three D-digitoxose sugars in Digitoxin) is considered of less importance in differentiating these compounds. As shown, 
cardenolide class cardiac glycosides compounds are characterized by the presence of an unsaturated butyrolactone ring. Bufadienolide class cardiac 
glycosides bear an a-pyrone ring. Digitoxin is obtained from the Foxglove (Digitalis purpurea). Ouabain, or g-Strophanthin, is obtained from ripe seeds of 
at least two African trees, Strophanthus gratus and Acolkanthera ouabaio, and was originally used for poison darts. (3-Ecdysone is an important molting 
hormone for many insects, but was obtained from a commercial source as an extract from the fern Polypodium vulgare for this study. Only one of many 
different lucibufagins is shown here (after Gronquist, Schroeder, Ghiradella, Hill, McCoy, Meinwald, and Eisner 2006). 
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BEHAVIOR 


N 


N/attack 


1 


Spider faced adult Oncopeltus 
(encounters) 


100 


-- 


2 


Spider attacked and contacted bug 


79 


1.00 


2 


Spider released bug immediately or 
soon after contact, with no apparent 
feeding 


79 


1.00 


4 


Spider released bug immediately upon 
contact 


75 


0.95 


5 


Spider wiped mouth against 
substratum after release of the bug 


35 


0.44 


6 


Liquid observed on the surface of bug 
after attack 


52 


0.66 


7 


Liquid observed on the prothorax of 
the bug 


43 


0.54 


8 


Aldehyde detected by scent after 
attack 


7 


0.09 


9 


Attacked bug appeared normal one 
day later 


76 


0.96 



Figure 5. Description of the rejection of adult Oncopeltus fasciatus 
(reared on Asclepias) as prey by adult female Phidippus audax. Trials 
(encounters) were conducted over a three day period, with no spider 
subjected to more than one trial in a day. 



5. Results 

Defense by Oncopeltus against attack by Phidippus 

A series of 100 encounters between adult female P. audax 
and O. fasciatus (reared solely on a diet of Asclepias 
seeds) are described in Figure 5. Most of the time, the 
bugs survived the attack. Even in the few cases where a 
bug was killed, the spider dropped it. In many cases, 
apparently after fluid had been released by Oncopeltus, 
spiders engaged in protracted mouth-wiping against the 
substratum (Figure 6). In many other cases, no fluid was 
visible and release was immediate upon contact. Note 
that the start of each encounter was defined by the 
execution of a facing turn by the spider in the direction of 
the prey, and only one encounter was tested per trial in the 
arena. In all of these trials, and in similar trials based on 
encounters, prey insects were not left with the spiders 
until the spiders attacked, but were removed at the end of 
the first encounter between spider and prey. 

Figure 6. Violent reaction of adult female Phidippus princeps to fluids 
associated with an adult Oncopeltus fasciatus. A: At the initial attack, 
the spider bit the bug on its head but held its legs and pedipalps far away 
from the prey. B: Moments later, the spider dropped the fatally-bitten 
bug, and began to wipe its mouthparts against the surface, leaving a trail 
of fluid behind (fluid cannot be seen in these photographs). 
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Impact ofAsclepias diet on Oncopeltus defense 

Adult female P. audax were separated into two groups, 
one of which was offered Oncopeltus reared on Asclepias 
seeds, and the other was offered Oncopeltus reared on 
Helianthus seeds (Figure 7). The Asclepias diet clearly 
gave Oncopeltus protection from Phidippus. One of these 
spiders is shown feeding on an adult bug in Figure 8. 
Comparative results for the Oncopeltus are shown in 
Figure 9. 







Oncopeltm 


fed seeds 


of: 






BEHAVIOR 


Asclepias 


Helianthus 


P 


1 


Spider attacked and 
contacted prey (N) 


20 


20 




- 


2 


Spider dropped prey 
immediately or soon 
after contact 


20 


4 




«0.0001 


3 


Spider dropped prey 
immediately upon 
contact 


20 


3 




«0.0001 


4 


Spider wiped mouth 
after dropping prey 


14 


2 




<0.001 


5 


Spider repositioned for a 
second bite 





17 




«0.0001 


6 


Spider fed extensively 
on prey 





16 




«0.0001 


7 


Prey survived for at least 
1 day after attack 


20 


4 




«0.0001 




Figure 7. Comparison of attacks by adult female Phidippus audax on 
Oncopeltus reared on either Asclepias or Helianthus seeds. Encounters 
leading to attacks were staged over a 3 day period with a total of 21 
different spiders, and no spider was used more than once in a given day. 
Feeding on Asclepias was clearly key to the survival of Oncopeltus. 



Figure 9. Remains of six Oncopeltus fed on Helianthus and susequently 
attacked by six different adult female Phidippus audax, with one surviving 
Oncopeltus fed on Asclepias (top). By row, from the top, degrees of feeding 
were: none, partial maceration without dissection, dissection and maceration 
leaving appendages and hard parts intact, and (bottom) complete dissection 
and maceration of appendages. 




Figure 8. Predation on Oncopeltus fasciatus 
reared solely on sunflower seeds {Helianthus 
annuus), by adult female Phidippus audax. 
Adult bugs were usually grasped the head, or 
just behind the head, as shown here. 
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control fly 
treated with water 

F D WP WM 



fly treated with 
lateral thoracic fluid 
from Oncopeltus 

F D WP WM 
O • C^# 



control fly 
treated with water 

F D WP WM 





fly treated with 
hemolymph 
from Oncopeltus 

F D WP WM 



control fly 

treated with methanol 

F D WP WM 



fly treated with 
0.1 M Ouabain 
in methanol 

F D WP WM 



B 






Figure 10. Bioassay based on reaction of adult female Phidippus audax to treated flies. In each case the spider was offered a recently killed and treated fly 
(vestigial-wing Drosophila melanogastex). Reactions of the spiders were scored with respect to whether they fed (F), dropped the fly without feeding (D), 
wiped the prey against the substratum (WP), or wiped their mouth against the substratum (WM), typically a more violent reaction. Note that all control flies 
were eaten normally, in all three series (A-C). In each series, there were 20 control and 20 experimental animals, assigned randomly. A: Experimental flies 
were treated with fluid from the lateral thoracic fluid of adult Oncopeltus, reared on Asclepias. All scored behaviors were highly significant when compared 
to controls (P«0.001). B: Experimental flies were treated with hemolymph obtained from the legs of adult Oncopeltus, also reared on Asclepias. All scored 
behaviors were highly significant (P<0.001). C: Experimental flies were dipped in a 0.1 M solution of the cardenolide Ouabain in methanol, and dried. 
Flies so treated were coated with white, crystalline Ouabain, estimated by weighing at about 50 |ig per fly. There was no significant difference between the 
reaction of control and experimental groups, even though the concentration of Ouabain on the surface of treated flies was close to 100%. Unfortunately, this 
also constituted a lethal dose, and five of the experimental subjects were completely immobilized and died within 12 hours of this experiment (black shaded 
feeding circles). 



BEHAVIOR 


A. Control 
(methanol) 


B. 
Digitoxin 


P(A=B) 


1 Attacked treated flies (N) 




18 


18 


- 


2 Wiped mouth or prey 




1 


1 


>0.05 


3 Dropped prey 
immediately or soon after 
capture 




1 





>0.05 


4 Completely macerated 




16 


14 


>0.05 


prey 










5 Spider immobilized 
within 24 hours of attack 







7 


-- 


6 Spider died without 
recovering mobility 







4 


-- 



Figure 11. Response of adult female Phidippus audax to fruit flies 
(Drosophila melanogaster) treated with Digitoxin. There was no 
significant difference between the observed response to Digitoxin and 
the control, even though Digitoxin was toxic to these spiders. 

Response of Phidippus to treated flies 

In a series of trials, adult female P. audax were offered 
vestigial-wing Drosophila melanogaster treated with 
either fluid taken from Oncopeltus (Figure 10), or with a 
known steroid (Figures 10-12). Control flies were treated 
only with solvents. 



BEHAVIOR 


A. 


Control 


B.p- 


P(A=B) 




(methanol) 


Ecdysone 




1 Attacked treated flies (N) 




15 


15 


- 


2 Wiped mouth or prey 




1 


7 


- 


3 Dropped prey 







15 


O.0001 


immediately or soon after 










capture 










4 Completely macerated 




15 





O.0001 


prey 











Figure 12. Response of adult female Phidippus audax to fruit flies 
(Drosophila melanogaster) treated with [3-Ecdysone. These spiders 
reacted immediately to a very high concentration of [3-Ecdysone on 
treated flies, and no spiders were immobilized or died as a result of 
these trials. 



Results indicated that Phidippus were very significantly 
deterred by both lateral thoracic fluid and the hemolymph 
of Oncopeltus. They were also deterred by (3-Ecdysone, 
but did not demonstrate any ability to detect the 
cardenolides Ouabain (g-Strophanthin) and Digitoxin. 
Unfortunately, spiders readily fed on a toxic dose of these 
cardenolides, and many of the spiders were immobilized 
and later died, presumably as a result of this experience. 
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Avoidance effect of single encounter with Oncopeltus 

With few exceptions, naive second instar Phidippus 
texanus (newly emergent, had never encountered any 
insect before) either turned away from sighted Oncopeltus 
(reared on Asclepias), or dropped the bugs immediately or 
shortly after capture. Apparent chemical punishment of 
the predator had a significant impact on the tendency to 
attack in a subsequent encounter one hour (+ 5 min) after 
the initial attack (Figure 13). The severity of subsequent 
attacks was reduced much more significantly, as the 
probability that the prey would be released immediately 
upon contact (and would therefore survive the attack) 
increased. 
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Figure 13. Effect of a single encounter involving contact with a first 
instar Oncopeltus on the tendency of naive (newly emergent from brood 
sac, had never encountered an insect), second instar Phidippus texanus 
to attack and to kill these bugs, 1 hour (+ 5 min) later. As in all 
subsequent avoidance experiments, these Oncopeltus were reared solely 
upon Common Milkweed (Asclepias syriaca) seeds. Each attack 
included both a pursuit and a jump at the prey. 

The next set of trials involved older spiders (near sixth 
instar P. princeps). Immediately (within 2 minutes) after 
a first encounter with Oncopeltus, almost all spiders 
refused to attack the bugs again (Figure 14). The fact that 
the great majority of these spiders would still attack a 
vestigial-wing Drosophila of comparable size in this 
subsequent encounter shows that this avoidance of 
Oncopeltus was not associated with general suppression 
of all attack behavior. 

To determine whether there was a time based recovery of 
the tendency to attack, a different group of 60 immature 
(near sixth instar) Phidippus princeps were divided 
randomly into 2 groups of 30 each. Both groups (A and 
B) were initially tested with a first encounter followed by 
an immediate (within 2 minutes) second encounter. The 
first group (A) was tested for a subsequent response 15 
minutes after the first encounter with Oncopeltus, and the 
second group (B) was tested 120 minutes later. The 
results (Figure 15) show that recovery of the tendency to 
attack was virtually complete 120 minutes after the initial 
attack. 



Fraction of spiders that: 




GROUP 


N 


Attack prey 


A+B 
A 

B 


Naive spiders that 
encounter bugs for the 
first time 

Second encounter with 
bug immediately after 
first encounter with 
bug 

Second encounter with 
fly immediately after 
first encounter with 
bug 


56 
28 

28 


0.62 

1 






P < 0.001 




y 

0.04 
A 

T 

0.93 






P < 0.001 









Figure 14. Effect of a single first encounter with fourth instar 
Oncopeltus {Asclepias reared) on the tendency of immature (near sixth 
instar) and naive (no previous Oncopeltus experience) Phidippus 
princeps to attack either this bug (A), or a vestigial-wing Drosophila of 
comparable size (B) in an immediate (within 2 minutes of first 
encounter) subsequent encounter. The entire population of P. princeps 
spiderlings (N= 56) was divided randomly into groups A and B. 
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Figure 15. Recovery of tendency of immature (near sixth instar) 
Phidippus princeps to attack fourth instar Oncopeltus (Asclepias reared). 
Spiders of both groups (A+B) were tested with a first encounter at t=0, 
and a second encounter immediately (within 2 minutes) after this. 
Subsequently, group A spiders were tested 15 minutes after the first 
encounters, and group B spiders were tested 120 minutes after the first 
encounters. Recovery of the tendency to attack was significantly greater 
after 120 minutes, when compared to 15 minutes. Recovery was 
virtually complete after 120 minutes. All spiders were fed a single fly 
(Musca domestica) 3 days before these trials. 
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Figure 16. Impact of two isolated encounters on the tendency of adult Phidippus audax to attack adult Oncopeltus fasciatus 
(Asclepias reared). Group A spiders were tested with an encounter at t= 120 minutes and again at t= 240 minutes. Group B 
spiders were tested at t= minutes, t= 120 minutes, and t= 240 minutes. Bugs were removed immediately after each 
encounter. The attack rate for Group B was significantly lower than that for Group A 4 hours after the initial encounter (far 
right). Circles represent actual trial data points, and connecting dashed lines show presumed recovery trend based on other 
experimental results. Spiders were deprived of all food for one week before these trials. 



Impact of repeated encounters with Oncopeltus 

To investigate the cumulative impact of encounters with 
Oncopeltus on the attack behavior of Phidippus, a group 
of adult P. audax was divided into two groups of 40 
spiders each (Figure 16). One group (B) was given a 
single encounter two hours in advance, otherwise both 
groups received the same treatment. The early encounter 
still had a significant impact four hours after it took place, 
supporting the idea that avoidance was a cumulative 
effect. 

Repeated hourly trials with immature P. princeps (Figure 
17) showed continued suppression of the tendency to 
attack during repeated encounters, but also recovery of 
the tendency to attack by the next day 
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Figure 17. Each Group A spider associated with trials shown in Figure 
14 (near sixth instar P. princeps, fourth instar Oncopeltus reared on 
Asclepias) was given 5 trials with Oncopeltus in a 5 minute period, and 
then a sixth trial on the next day. Note the recovery of the tendency to 
attack by the second day. 
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Figure 18. Impact of 10 hours cumulative experience with 4 fourth instar Oncopeltus 
(Asclepias reared) on the tendency of immature (near 6 mm body length) Phidippus 
audax to attack. As part of each test, the spider was first tested with a bug, and then 
with a fly (vestigial-wing Drosophila melanogaster). 
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A longer period of exposure to Oncopeltus (10 hours) 
had a significant deterrent effect for several days. In 
this series of trials (Figure 1 8), each bug attack test 
was followed by a fly attack test. The tendency to 
attack flies was not significantly changed by this 
experience with Oncopeltus, indicating again that this 
was prey-specific avoidance and not generalized 
feeding suppression. 

However, a much longer period of exposure (32 
days) had no significant impact on the tendency to 
attack Oncopeltus 10 days later (Figure 19). 

Two hours of continuous exposure with adult 
Oncopeltus had a significant impact on the tendency 
of adult P. audax to attack two hours after the last 
contact (Figure 20). At the same time, there was also 
a surprising recovery of the tendency to attack in 
only two hours, considering the many encounters that 
these spiders had with Oncopeltus during the 
previous two hour period. 



Figure 19. Recovery of tendency of P. audax (seventh instar to adult) to 
attack fifth instar O.fasciatus {Asclepias reared) within 10 days, after 32 
days of continuous experience with these bugs. At the onset, 60 spiders 
were assigned to each group, but some of these were in molting sacs at 
the scheduled test time and could not be tested. Feeding and watering 
schedules were the same for both groups. Spiders had no alternative 
prey for 17 days prior to testing. 



1.00 



Figure 20. Impact of cumulative experience on the tendency of adult Phidippus 
audax to attack adult Oncopeltus fasciatus {Asclepias reared). Group A spiders 
were tested with an encounter at t= 120 minutes and again at t= 240 minutes. 
Group B spiders were tested at t= minutes, t= 120 minutes, and t= 240 
minutes. In addition, a bug was present in the container of each group B spider 
between t= and t= 120 minutes. The attack response of spiders with only a 
single previous encounter (group A) recovered completely in 2 hours (far right), 
whereas the recovery of spiders exposed to bugs continuously over two hours 
(group B) was significantly slower. Circles represent actual trial data points, 
and connecting dashed lines show presumed trend based on other experimental 
results. In both groups, there was not a subset of spiders that consistently 
attacked or did not attack in the sequential trials. For example, many that did 
not attack in the first trial, did attack in the second trial. Thus this fraction that 
attack measurement appears to be a good estimate of the probability of attack 
by a given spider, in a single encounter. 
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60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 




* • • OO CMD^ 



co 1.00 

■S 

§ 0.90 



§ 0.70 
TD 0.60 



§ 0.50 

o3 



^ 0.00 



Adult female Phidippus audax (N= 40) 
Attacking adult Oncopeltus fasciatus 
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Figure 2 1 . Recovery of tendency to attack by 
adult female P. audax. Each spider was placed 
in a clean Petri dish with one adult Oncopeltus 
(Asclepias reared). Above: After an initial 
attack (t=0), the behavior of 40 spiders 
(numbered at left) was charted through either 
the third sequential attack, or until 15 minutes 
had elapsed, whatever came first. Turns to face 
the bugs are shown as green circles, and attacks 
(jump and contact) are shown as red circles. 
Left: Based on these results, recovery curves 
showing the cumulative fraction of spiders that 
attacked were constructed as shown here. 
Recovery after second attacks was similar to 
recovery after first attacks, but significantly 
slower. In most cases the interval between 
second and third attacks was greater than the 
interval between first and second attacks 
(P<0.001). Note that this recovery took place 
during continuous exposure to one bug. The 
relatively high rate of recovery in a 15 minute 
span was due in part to the fact that there were 
many encounters and opportunities to attack. 



Each encounter between an adult P. audax and an adult O. 
fasciatus was timed for 40 different spiders, over a period 
of either 15 minutes, or until the third attack by the spider 
(Figure 21). From this data, it was possible to construct a 
cumulative recovery curve for attacks on Oncopeltus over 
a 15 minute interval. 



This differs significantly from previous experiments, in 
that this was not a test of single encounters, but 
observation of continuous encounters. It might take 2 
hours for the probability of attack on a single encounter to 
recover completely, but most spiders would attack a 
second or even third time within 15 minutes if 
continuously exposed only to Oncopeltus. 
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Impact of alternative prey or feeding 

Feeding on a single fly significantly reduced the tendency 
to attack Oncopeltus the next day (Figure 22), but did not 
reduce the tendency to attack other flies. This indicated 
both the positive impact of satiation on avoidance, as well 
the prey-specificity of that avoidance. 
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Figure 22. Impact of satiation on the tendency of adult female P. audax 
to attack adult Oncopeltus (Asclepias reared). None of the spiders were 
fed for 10 days prior to this experiment. House flies reared in the 
laboratory (Musca domestica) were used as alternative prey. 
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Figure 23. Count of attacking immature P. princeps (near 6th instar) by 
sequential encounter. Spiders were deprived of all prey for at least 5 
days prior to these trials. Sequential trials involved presentation, as 
shown above, of either Oncopeltus (7 mm nymphs, Asclepias reared) or 
the much larger house flies Musca domestica. Group B spiders were 
offered and fed upon a single Musca on the first day. Otherwise all 
testing for both groups took place on the second day and involved two 
successive encounters with Oncopeltus within one minute, followed by 
an encounter with an Oncopeltus one hour later, and then another 
presentation of a Musca one hour after that. All attacked flies were 
captured and fed upon, and all Oncopeltus were dropped. Tendency to 
attack Oncopeltus was significantly reduced for spiders fed a fly on the 
previous day. 



Figure 23 depicts trials in which one group (B) of 
immature P. princeps was given a single feeding (house 
fly, Musca domestica) on the day before testing. In this 
series of trials, both groups showed significant recovery 
of the tendency to attack on the second day, but avoidance 
was also significantly greater by all spiders that had eaten 
on the previous day. 

In a series of trials that were less controlled, but perhaps 
more indicative of a real-world situation, immature P. 
audax (N= 30) were given a series of hourly contacts over 
several days (Figure 24). Toward the end of the second 
day and into subsequent days, encounters with Oncopeltus 
alternated with feedings with flies. This was associated 
with a significant decline in the tendency to attack 
Oncopeltus, a decline which persisted for at least 4 days 
when the spiders were not fed. 
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Figure 24. Count of attacking immature P. audax (6-8 mm) by 
sequential encounter. Spiders were deprived of all prey for at least 7 
days prior to these trials. Sequential trials involved presentation, as 
shown above, of either Oncopeltus (7 mm nymphs, Asclepias reared), 
vestigial-wing Drosophila virilis, or the much larger Musca domestica. 
Trials were separated by 1 hour during the first day. Oncopeltus trials 
were separated by 1 hour, but fly feedings followed these by 30 minutes, 
and Oncopeltus trials followed fly feedings by 90 minutes. There was no 
feeding or exposure to prey animals between day 4 and day 8. All 
attacked flies were captured and fed upon, and all Oncopeltus were 
dropped. 
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Impact on tendency to attack other insects 

As shown in Figures 22-24, negative experience with 
Oncopeltus did not reduce the tendency of Phidippus to 
attack flies (either Musca or Drosophila). A negative 
encounter with Oncopeltus impacted the tendency of 
Phidippus to attack Oncopeltus more than it impacted the 
tendency to attack a different lygaeid bug (Ortholomus 
scolopax). In addition, rejection of Ortholomus on the 
first encounter was associated with a higher rate of 
rejection of Ortholomus than of Oncopeltus on a second 
encounter. 

This is just a preliminary, isolated result. It does suggest 
that a great deal can be learned through successive 
encounter experiments with different insects. 
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Figure 25. Impact of deterred attacks on one lygaeid on the tendency of 
Phidippus princeps (6-8 mm, near 6th instar) to attack a lygaeid of a 
different genus. Spiders were near adult sixth instars, and both bugs 
(adult Ortholomus scolopax and fourth instar Oncopeltus fasciatus 
reared on Asclepias) were close to 5 mm in length. The second prey was 
presented 1-5 minutes after the first prey was rejected. Experiments 
were conducted on four different days, and no spider was tested more 
than once in a day. Results suggest a general suppression in the 
tendency to attack either bug. After a deterred attack on Oncopeltus, 
spiders were more likely to reject Oncopeltus than Ortholomus. 



6. Discussion 

Measurement of avoidance 

There are many different ways to measure avoidance by 
salticids, each of which can produce a different 
measurement. As shown here, single encounter tests are 
useful, but they do not reflect a natural situation where 
encounters between many different kinds of insects take 
place, or where multiple encounters between a spider and 
one species of chemically-defended insect may take place 
in a short span of time. The fact that the tendency to 
attack recovers over a 1 -2 hour interval after an encounter 
does not imply that protected insects are safe for that 
period of time, as with multiple encounters the probability 
of attack in a given interval increases greatly. Probability 
to attack per encounter is most likely the best way to 
make a direct and controlled measurement of this change 
in tendency on the part of a spider. 

Defense by Oncopeltus fasciatus 

Under natural conditions, One ope lus fasciatus often live 
in large aggregations (Sauer and Feir 1973). Ralph 
(1976) found that survival of nymphs in the field, but not 
in the laboratory, was greater if they were part of a large 
aggregation. As Ralph suggested, aggregation may 
improve access to milkweed seed pods, but it is also 
reasonable to assume that individuals in groups benefit 
from the reduced chance of injury related to the training 
of predators in the vicinity. 

Oncopeltus may employ a series of defenses in nature, 
including escape. Others are: aposematic coloration 
(visual advertisement), broadcast chemical advertisement, 
deterrent or identifying contact chemicals on the surface, 
deterrent taste of body fluids, and toxic effect of body 
fluids (very costly to the individual). Different defenses 
may be relevant to different predators. For example, 
mantids (Tenodera) were shown to feed upon Oncopeltus 
reared on Asclepias, but later regurgitated and avoided of 
these insects (Berenbaum and Miliczky 1984, also 
Gelperin 1968). Behavior of these mantids was 
interpreted as a sign of cardenolide poisoning. 

Phidippus can clearly learn to avoid these bugs based on 
their physical appearance, at least for the short-term. 
However, the aposematic coloration did not trigger an 
inherited response, at least under laboratory conditions. 
The fact that Phidippus readily fed on Oncopeltus that 
have been reared only on Sunflower (Helianthus annuus) 
seeds (also reported by Skow and Jakob 2006) supports 
the view that these bugs acquire critical components of 
their defense from Asclepias. Phidippus react strongly to 
both lateral metathoracic fluid and hemolymph of 
Oncopeltus. The presence of deterrent chemicals on the 
surface of Asclepias -fed Oncopeltus can also be inferred 
from the tendency of spiders to release these bugs 
immediately upon contact, in the absence of any visible 
fluid loss or injury. 
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The chemical deterrents that are used by Oncopeltus 
against Phidippus are not known. Aldehydes can be 
discharged from the metathoracic scent glands of adult 
Oncopeltus (Games and Staddon 1973 a) and the dorsal 
abdominal glands of nymphs (Games and Staddon 
1973b). However, a reduced role of these glands is 
indicated by their relatively poor development (Schaefer 
1972), and the low aldehyde content of their secretion 
(Everton and Staddon 1979). Cardiac glycosides may be 
sequestered in the dorsolateral spaces of the adult (Duffey 
and Scudder 1974). These cardenolides are thought to 
have an emetic effect on a vertebrate predator (Brower, 
Ryerson, Coppinger, and Glazier 1968), but their effect on 
spiders has not been demonstrated. As shown here, some 
well-known cardenolides (Ouabain or g-Strophanthin and 
Digitoxin) are toxic to Phidippus, but these spiders do not 
recognize them and they have no inhibitory effect. 

More recently (Aldrich, Leal, Nishida, Khrimian, Lee, 
and Sakuratani 1997) an alkyl methoxypyrazine (2- 
isobutyl-3-methoxypyrazine) considered to be a warning 
odorant was isolated from the fluids sequestered by these 
bugs from a milkweed (Asclepias) diet, in addition to the 
cardiac glycosides. 

Learned avoidance 

Many arthropods are known to avoid stimuli associated 
with a punishing experience. For example, fruit flies 
{Drosophila) can be trained to avoid such odorants as 
benzaldehyde and 3-octanol after a single experience with 
an associated electric shock (Quinn, Harris, and Benzer 
1974, Dudai 1977). Gelperin (1968) trained mantids 
{Paratenodira, Mantis) to selectively avoid flies on a red 
(as opposite to white) background, through the 
administration of electric shocks to his subjects. These 
mantids, like Phidippus, also refused to attack Oncopeltus 
after several encounters, but likewise continued to attack 
flies. Bays (1962) found that the araneid spider Araneus 
could associate quinine-treated flies with a certain 
frequency of web vibration. According to frequency 
these spiders would either bite acceptable prey, or wrap 
and cut the unacceptable prey out of their webs. 

Earlier descriptive accounts of salticid behavior support 
the view that these spiders have a selective, short-term 
memory with respect to the acceptability of potential prey. 
Dahl (1885) found that Evarcha arcuata would attack, 
and afterwards avoid, certain beetles (Coccinella and 
Phyllobius). Drees (1952) found that some Salticus 
scenicus could be trained to selectively avoid a cross or a 
triangle. However, this demonstration lacked a 
quantitative basis. After it was sprayed by the ant 
Crematogaster clara, Anasaitis canosa (normally a 
predator on ants) selectively avoided ants of this species 
(Edwards, Carroll, and Whitcomb 1974). 



The present study suggests that learned avoidance may 
decay rather quickly, within a few hours. Others (Drees 
1952, Precht and Freytag 1958, and Dalwigk 1973) have 
described a similar recovery of the tendency to attack in 
salticids, after habituation to a stimulus. Plett (1975) 
described this as stimulus-specific inhibition. 

Skow and Jakob (2006) similarly demonstrated learned 
avoidance of Oncopeltus fasciatus that had been reared on 
Asclepias seeds, by Phidippus princeps. They also found 
a tendency of these spiders to lose this avoidance when 
their local environment {context) changed. 

We may think of volatile memory as a deficiency, but in 
fact this volatility may be very useful for salticid spiders. 
Short-term avoidance is useful if a chemically-defended 
insect is abundant in a given area, but it comes at the high 
cost of screening out many acceptable prey insects, on the 
basis of limited experience (as noted by Drees 1952). 

Suppression of attacks may extend to more than just the 
aposematic species, but at least as shown with flies here 
(and with crickets, Skow and Jakob 2006), this 
suppression is not general. If a spider moves to a 
different site, it is also reasonable to assume that the prey 
that it encounters according to its scheme of classification 
have a greater probability of being different from those in 
the previous location {context). Skow and Jakob (2006) 
recently discovered that a change of context could erase 
learned avoidance by Phidippus. 

Impact of positive experience with prey 

This has not been investigated here, but it is quite possible 
that positive experience with certain prey types leads to 
repeated and specific search behavior by salticids. If this 
can be demonstrated, then it is quite likely that this 
change of behavior is also associated with volatile 
memory and context-specificity. 

Effect of feeding 

Feeding can have a significant impact on the prey- 
selectivity of these spiders. For this reason, it is very 
important to maintain related controls (e.g., same food 
and water regime for control and experimental animals) in 
this kind of experiment. Earlier studies (Drees 1952, 
Gardner 1964, 1966) also demonstrated this impact. 

Visual taxonomy of the arthropod fauna by salticids 

Whether we compare the response of Phidippus to 
Oncopeltus to their response to flies, as shown here, or to 
their response to crickets (Skow and Jakob 2006), it is 
clear that these salticids treat different insects in different 
ways. At one extreme, I have seen salticids take free-fall 
(no dragline) jumps in response to the sight of a quickly 
flying large metallic wasp. Clearly, salticids recognize 
conspecifics, or near-conspecifics, even if they frequently 
prey on them as well. 
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Studies of approach to different prey by Phidippus 
(Edwards 1980, Edwards and Jackson 1993, 1994) have 
demonstrated the ability of these spiders to approach 
different types of prey differently. It is as if there were a 
fly type, a bug type, a large grasshopper type, a caterpillar 
type, an aphid type, a leafhopper type, a spider type, an 
ant type, and so on. As noted earlier, there is much 
opportunity for sequential encounter experiments 
involving different insects or even spiders as prey. 

There are many published studies of prey selectivity by 
salticids (e.g., Jackson 1997, Jackson and van Olphen 
1991, 1992). There continues to be much opportunity to 
work out the details of the taxonomy of prey actually 
used by these spiders. Many spider studies (e.g., Argiope, 
Robinson and Robinson 1976, and Phidippus, Edwards 
and Jackson 1994) suggest that this is an inherited 
taxonomy. 

Chemical taxonomy of the arthropod fauna 

Investigation of the ability of salticids to react to and to 
resolve a spectrum of different chemicals upon contact is 
in its infancy. As noted previously, several insect-related 
chemicals that are environmentally relevant to Phidippus 
are readily detected by them, and other toxic chemicals 
(e.g., Ouabain) that have no known environmental 
relevance are not detected at all. 

Gamesmanship by salticid spiders 

We can combine hypotheses related to predatory 
avoidance and attraction into a more general model of the 
threshold for pursuit by jumping spiders that encompasses 
both facets of interaction with prey (Figure 26). For 
animals that live at most for only several seasons, reliance 
on the inherited T as their long-term memory {species 
memory), and on E for only short-term memory many 
represent a very satisfactory solution. A more elaborate 
mathematical model linking behavior to risk and reward, 
and ultimately to survival and natural selection, would be 
instructive. 



Attraction value for prey taxon, most likely inherited, 
and encompassing factors related to relative prey 
size, risk of injury to the predator, nutrient value, 
ease of capture, relative effort to subdue, optimal 
approach, and also linked to identifying 
characteristics related to form and movement 

Impact of recent experience on attraction (positive or 
negative modifier to T) 

Hunger or degree of satiation by the spider, including 
readiness to feed based on molting condition, 
breeding status, time of day, or other behavioral 
context 

Work or cost associated with pursuit, including 
impact of relative position of the prey 



If(T + E + H- C) > 0, then the spider 
will attack 



H 



Figure 26. Simple model for attack threshold. This indicates several of 
the most important factors related to the probability of attack, and 
addresses the general subjects mentioned in this paper. Hunger may 
also cause changes in foraging strategy, or drive a spider to relocate 
(Givens 1978). As noted by Skow and Jakob (2006), E values may be 
modified or reset when the spider moves to a different location {context). 
Identity of the prey taxon is definitely associated with T and E, and, 
since it has something to do with the selection of approach technique 
(Edwards 1980, Edwards and Jackson 1993, 1994), may also be a factor 
in the computation of C. This is intended only as a linear, directional 
model, not as a detailed mathematical model for related mechanisms. 
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Contact detection of deterrent chemicals by Phidippus 

Phidippus exhibit a strong aversive reaction to contact 
between the ends of legs I and the surfaces of insects 
bearing either certain steroids (lucibufagins, Eisner, 
Goetz, Hill, Smedley, and Meinwald 1997, or (3- 
Ecdysone per this study; see Figure 4) or Z- 
dihydromatricaria acid (Eisner, Hill, Goetz, Jain, Alsop, 
Camazine, and Meinwald 1981). A recent study 
(Hoefler, Taylor, and Jakob 2002) found no signs that P. 
audax used chemical cues left on filter paper to detect 
prey, but did find that these were used by a lycosid spider 
(Pardosa milvina). However, an earlier study (Clark, 
Jackson, and Cutler 2000) found that Habrocestum pulex 
reacted to chemical cues left by its ant prey on a soil 
substratum, or in the air, and also did not find any 
reaction to cues left on filter paper. 

The legs of salticid spiders carry whorled setae in 
association with the adhesive tenent setae of the pretarsus 
(Figure 27, Hill 1977). These are also found on the ends 
of the pedipalps, often in considerable abundance. Based 
on structure and distribution, they have long been thought 
to be contact chemoreceptors (Foelix 1970, Foelix and 
Chu-Wang 1973), and this has been confirmed recently in 
wolf spiders (Lycosidae) through electrophysiological 
recording of receptors (Drewes and Bernard 2005). This 
study confirmed the earlier morphological evidence, and 
identified several mechanoreceptor neurites, as well as 
numerous chemoreceptor neurites in association with the 
open pore at the end of each whorled seta. The pore is at 
the apex of the cone shown in Figure 27. 

Insects that advertise with contact chemicals that can be 
detected have less risk of injury in an encounter with 
Phidippus than do those that rely on internal fluids alone. 
Early detection clearly benefits the spider as well. 




Figure 27. SEM of chemosensory setae associated with the pretarsus of 
Phidippus audax. Top: Pretarsus at distal end of right leg I of an adult male P. 
audax from Iowa City, Iowa. Note the many flattened tenent setae. B: Close-up 
of three whorled setae, surrounded by flattened tenent setae, at the center of (B). 
Each whorled setae bears an open sensory pore at the apex of the cone shown 
here. 
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